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Abstract

A small air cleaner with the visible-light-responding photocatalyst was
developed. This air cleaner is specialized in removal of the splashed
droplets which flies between facing peoples to cope with various infectious
diseases. Photocatalyst of a tungsten trioxide system which response
efficiently to visible-light was sprayed on a conventional nonwoven fabric
filter with a visible-light LED module and a silent type fan are applied. The
photocatalyst was excited by visible-light to generate active oxygen that
oxidizes and decompose various organic matters. In this study, the physical
performance of the air purifier was estimated, 1) the removal action of
splashed droplets from the oral cavity with special motion-picture system, 2)
evaluation of the transmittance of droplets to the filter and 3) droplets
capture performance in a clean bench. Furthermore, performance of the
photocatalyst system was evaluated by formaldehyde gas decomposition
rate in a small chamber. As a result, droplets of 5 micrometers or more can
be removed effectively by the small air purifier, and it is considered that the
virus contained in the droplets caught by the filter will be inactivated with

the photocatalyst by degrees.

Key words: Infectious diseases, Splashed droplets, Small air cleaner,

Photocatalyst
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1. #E8

M anv S 74 A (SARS-CoV-2) 12 X B YSE COVID-19 (2 xf
T OGO FE L LT, BE, B, BEOWVWDWD DL 5L RS
L, AT EHTDH, 2BV, FEW, BREFLRETLIREDOEND
DRRD —IZITITONTND, FFICEAZRT D720 EIT O
TENHERINTWEDN, HiE FBKEITHI AR ETH-2D,
FERHEFOTZDICHKREICRARH STV T 2RO GFET D, 1,
PR AT CTHORIKICE DGRBS Z ER kv oix, BATo
MBETHEENIERT LA EnbRBIND, VIZF I HHEMB
IR E AN ANN DN, S%BN D2 IR YE ISR L TIEZE OB
EXIS T2V F 2B T HOLERHY, VIFURBEETORMO
fEERRO~ 7 v g BYERIE O 7= O IZB RO R ICBMT 5 7T A
TIVT 7 DORERRD LN TS,

COVID-19 DGR & L TiX, WiREmzE I L BEfEY, 5 um
L b OBENSORIKIZ X2 MIKEY, 5 um L FORIKE e LI &
HESEENFTONTREY P, BEOLZIAZDO NN XENTH
HZDEHLNIC > TR, 2, ERh— 2R T IER W &
WO DI TIHES, EREN ORGSR ICHE L7zt 5R 2 ¥17 L CEhE
TOLEND D, WHO ARXLER ETHEFEIIC S um LA EO O EN
OO A TRIRE LD, KODBERBLIEZ X7 R0BRENLRD 5
pm LLFORFIEREEZEFEINI =T L E L TR ENTE
D 2K THLENICHES . T2, HFlCKRE I 2RETTICHEL 2K
T ZORKRDRLF 2R ET DA TR ERIT 5, KFECKRE
WX aENSHEE SN DML 0.01 pm 2253 mm BE F TOIA
WA A O, EIZ 2 um & 120-150 pm BREICE— 2 2HL Y,
—[E D% T 50,000 HL EOWEHEAKHEHSATWD LOHRELH D ),
60 pum ZH X HRERMIKITEFOSFETIE 1 m WNTENITED
WT 5L ENTWEN Y, BERNORF AR EDEMIC L > TIE 100 pum
DRIKTS 5m BREFTRELEZLOBRELHDL N, I —FT 4 7%
MBEITO T —TNAEL, Fax B0 ETIHE Im LINOERETAEE
MATPNDHEENH Y, HHINEZRIED —EIXEFE 21T 5 M T2
LT, MKEPEORK LD 5%, WHO 12X 5 L 2002 4£D SARS
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U ANVAREGEDOPLRIE, MR E LIIRIRICLamESn Tk D
Dol a A LR TE LT 2020 4R 3 H G0 BLAR T IR R IR
Yo b PR N EERBRERK L STV E Y, ZogzTa Yyl
RYIRE L 220155 Z &8 2020 4E 7 HIZREN T P, KK E L TH
WX EEREREREO D ThLHEEZEXLN TS, BEFEICED T
2b—a rTEYAZ7 2L T THRIKIT 2 FRENRKHRST 5 & H
HENTEY Y, SOCHBIERETRFRII~AZEZEATDHZ L
kR, LVREDNS LS EBRPICERBHE T 22T a1k
BAVKRBEORERRKEOMETI ERO LY IZTEVE VW m T, #
MREOHETHLED ", R EITo10RFEE1T 5 AE B <
BEN =G T Ic KA OB RIEE AR E L2 LTHRIEKSEKE L LTk
ROVBWRNENLELEZEZLND,

DD ETAHANEANDOMERORZ ) RIKOREICER Lz, A
R I 2B e fb I % (56 ) L 72 /N B ZE RS s O BRI 24T o 1=, E e
D7 A4NE—L@BNT7 7 2 HN5HOTITES, RiMofis >
ANVE—ICHBERO 7 7 o 2flArEbE N LT, 74 V& —|C
XA TENRICINET 2 =B ¥ v 7 AT VROl & %46 L,
LAl 72 A4 LED B ¥ = — LI L 0 et 2 fhild L CRA S EZ R
—NR—=FF TV RT =24 RaX LT U H AR EDOERBREIC L
DARE 2 IR B 2 BRAL DRI 5, ZHE TITiThh et ic B4 %
WIEIC K > TRRA BREBEROTICRDLIAERIT AR LT, AU AV
ZDBERRESNTEBY Y ZOMEAA D=L 2N E TH
EDOERL T AN AR LTHRIENE W) RETITO TR,
B b & R o el & mT I X - T SARS-CoV-2 U A b
ANRRIFLEND Z &N, BRffmxt LTHESAT0D P, &5
2, AEEHLTWDS ZB{b¥ v 7 AT R0 ch o EE L
22X ¥y b ™ IZonTY, SARS-CoV-2 2% 5 AT & 5 RiE
fEDEFEE, ANRA T B NRTPGRIND EWND AT =X LDRER
PAITONEFMNwm L E LTHESh TS 19,

A RIBH%E U772 B0 Tk, e o B IS AR H E AR R AR TIT
SHBHEZMEH L TWDL 720, L2 BRI DLENRRINY
Vo OEEMELTE DL, NY I HOMRO N—Y 70 B A A
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BOLELTOMODTLEMHTHY, RTCOMEZ —KOT S b FE]
AE CHrZE 72 LB LR 2 i E 71T R 5 1T B0 v e 7o i 0 & K
L7,

ARR CITRREBEGR R ICE 20N ORIKEREZBFEM, 711
Z = X ORER O E =R OFEN, 7V — N FRNTHEE LT
W O KL BIFH A MERE OFEMIZ K 0, ARIKBREMRE 2 & | IS FEM 3
LT, RAVLTIVT v RO MEERBRIC X 2 oAl me AL &
1To7,

2 RBRAE
2 1 AIAAEREREAMEXPMREIBFTERICONT

Fig.1 1T, AHMFIE THHIE L 72 156 5 2 Bt i 58 550/ N B 22 53 1% o 4%
Blaerd, mANFEORENISERCAE L LT =f{kr T AT %
FERALEZRE®RAL Ry y b ™ 2L, N F¥y vy Tzx0
F—IX 25eV THY, Him LEED 495 nm LU T O w86 2 R H
THZ NS T (FENN 450-485nm BRETH D), FHRE
£ 100 nm BETHV, HROA T L —HAITIL 0.1 wt DK/T L=
— VATV =DPHOLA TS, KFETIE 10wt DA T Y —%
MIAKTHIRLUCTHER L, AT 257 0 V¥ —MEHT, Rfkfi 74 %
— (/7 %uy, RUVZT ATV 45%, B —R 55%) %W,
250mmx250mm D ANFRAFNIUW S D I > TR I TWDHNUD
vicLT 1 BoRrEZEHLEL, BT L5B0ZX7 U —RET 0.3
wt% RETHY, ME~DA T L —TOBMEERNEMOERMN OB
LF 04gm® BEOBRAELABONLL,

ZELEWMVVIABZRH O 7 7 0% 120 mm D PC Oy —A7 7 v %
WA L7=, 1,200 rpm, 1.1 m*/min O EE T/ 4 AOXFEIL 19dB &
725> TW5, LED 1 Z< — ka2 B¢ LED %M L7 2835 SMD 3
LED £V a— /% 6=y MEF L7, ot REFH (Vo 4Bk
USR45) TOWME TIHE — 7 KK 448nm TH VY, FH D LED M
DEFEICEY 540 nm BREO T o — RREnz2hsE5Z L THA
IR A TW5d, Fig2 23T L2177 0280 Ed FIZWWIAA
P Z7 7 THICRELZZ A VF—IZH T, SbIZXTDO NG
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LED AW LT, BEEEFREXNGTETCHUETETRNVTED,
LED b DORiAZ 2 CTREZREL, oW " ROBAKTT 1 ¥
TAUTICEVNMET L TT 4V F— (LB TOMRE % 68,500 lux &
ko=, 728, 77>, LED #iz 12V EREJR CHEI L, HEE
X5SWELTFTH D, 7 4 =5 OHER O RGEIL, 43T 0.3 m/s,
DR O e & W R T 0.8 m/s FRE TH o 72 (B AR HF DT-8880
(CEM tt) M),

2.2 BAFEBREBEEICLEIRFIDORVAAHZE BT

7R RS O ML AT L AT A PV2-IT ISR D, A
ZETAEERRICBRVVIAE N D TRIRDO AT 21T > 72, ®BEE O LED
FLLIT 8 FMICRIETS 2 W oL —F —FIck Y ZELRF D
Wizl L, MAEET AT THRE L TEHIPRVWERREZRET D
B AL 2 N 2 CIRIR O F i 217 - 72,

T, EHEOENOHB SN2 RIKEHEZEZ 22O OBENZIE
bELET 7= =] EWVWIOMAETIZIRIRZ BRAIZKREITHHK
HLUEERZEHEE LEDBRLICKVRELE REOHBEL 25729
NI ZE S IE RO LED X{EAT L TRBY, 7o nrZ—% A4 Rhrbox
778 —DRNMUBENLSICT VI T =T TENTWND, 5T,
YRAT L= ORKE —#RIEO L —F I X0 T &
LT, AN ZE R R A R T DRI O TRIK E R LT,

23R/ I AN —IZ L BRFBBEREM

T7 LD WVIAENTZRFEN EORE 7 4 V7 —IZ LD i S
NTHREINDINEFFMT 27212 120mmff x450mm O X 7 k%
AF VLR —FRIZEVHIEL, AEIC/NZESEERKEERLC T 7k
RgkAT 7 o V& — EMELIXEBA L TV RYy) ZHOVZHER ==
EFRE L, 7720 ERMAN 120 mm (L& L, 74X —O F il
120 mm L@ HFRBIZHAR— N EFHT, X—FT 4 7B Z— AERO
Trak APC 9303-01 (TSI t1) O WVAFL ) X)L EZ N EN DR — kh
OHRRMEICHAT HIETT 4 ¥ —BBATEZORL T IRE 2 JE L
7= (Fig3) . N—=T 4 I N T B — ) L) b OW 53 E L 4.72x107
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m’/s T 5, WK E LT —f&m i o35 I KiEKEZ AT
EHEmE L THEA L, BELEERD 400050 ~D 2 DO J XRfFn
TEY, 1 BEORBRTII®E T2 6EHE, 2, 3 BIHORBR TIIRO
MOHDOEHEE L THREEEZ (LS, ¥27 MNE HEPA 7 4 V¥ —
FNELEZ77ra=y b (FTAUY Ea27 A~X—RZ PSO01-AD) %
AW r ) —r 7 —2ARNIZEE LT, Y027V —r7— 2 FHloRHE
(BFEIINERGEE 22D E ML O LD BEICR SRV H
S5 MRARER > T LESTEDEBZELRNWANYy 7 ST KT
DEREL 2o 72h, ZNICE D EXFTOROBREMEREZFEM L 7=,
ZD%, THORMEZ Y —LT25Z LIk PET DI EEIZS L
THABEEHERBEEZHGTVD, 7402 —0 Lifl, TiRlzh£n
T2 Ok FHBE 2 10 Bl v kL 1>y M& L, 0.3-1, 1-5,
5-25um D& F I DO W T OB PRE (BT YY) EEEREZ KD,
TN O SEEIE A2 BRI O FEEETE S Z & THIEEREZKRD T,

2.4 )= RVFEBMATORKBRE ST

23 HioMKkBZBEBRBRO 2 )V —> 7 —Z2ATH M L7 HEPA 7 4 /L
Z—ZNM L7 7 rra=y F&EMALT 0.6 m Ax1.5 m OV VU —
PRUTEREL, N TSI THHEH LB ERINELRIC XL 5 KiE
KOWEFEEIToTe, T, N—=T 47NV A T F—ICLDYHEKERIT
BT oML 2 ETOEMPTORHERENEZITo7T2, S HIZ, EHE
WER—=T 4B —LOMIC/NIESERSEHRE L, Kk
IALEIWC W TR ED AN ED X H BT 20050 L7,
EBRICEH L) — o R FOPRICHKE LIEZE R, DN G
B, "—=T 4NV H—DL AT 7 h% Figd IZx:3, 7V —>
NRUF ERMOMmN S OFEEEY L, MERENSN—T 4 I NI TS —
J AN E COVHKEEERHEZ D, X—FT 47NV H—D) R
NPLD7 Y = ROFEENODESEHE L TERELE, EHES
L O EIL L=400 mm THEE, NIZEXIEFEME D L=650 mm
THEHE & LT,

HEPA 7 4 VX —ZNE L7 7 2=y hOZEXKIY A OlZiE
IV ZEZSIEHRECTHER L TV A2 Rlifize 4 BEAQATCHETLHZ LT
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gV = R TFHATOER[NEEZME LT, 7V —U_XUFEEND
& 300 mm T O AT L =400 mm AL & IZ AW T 0.53 m/s, L =650 mm
LB T 0.44 m/s Tholo, MBERIIR O 40° Fmod ) X0 Al
AL, NS EREEFERLRVIRETIIEEROE S 170 mm
DOWEFENNDHICR X 2N EH L TnE, BERNLIAKFEIZ 200
mm REOEHCHE I 300mm BE (Z7 V- XU FRLEI) T8
DAKERITICBAIT L, WNRZESIEHRZEESE 2 SN 7 7
L > THRWVIAEN D, FFMIZ L » CTREINBHE L —EDIRRETIX
inodz, Tk, 23HFEMEIC2 oMOWEZ 10 B IKT Z &
(2 R0 KL FE O RN AR R 2= O A AT o 7o, 72 B EBR A E i
L 7o E oW FE 1L 30-40% FREE, KURIEL 23°CHIZ Th - 7o,

2.5 RILLTFILTE FRRFAR

TANZ =Ko THESINTZRIKG KM & LI THIZE EN
TWVWDOITANARHFHREEINI2ZBNNH D, 20D, 74V —IC
W A2 BT HZ LT, A THLI ANV ADFEEZER L TV
%73, SARS-CoV-2 VA NVA TS THLUA NV AZEEL TORENM
HE O FF A 1 BLAE [E PN 0 2 BRE 5% 23 %F i L & 4072 U 72 0D SE i 23 i oD C A
HThb, £, HMBENREEDO T AL 21T L TRIELLDO R %R
T EREA RZEETHL NI ERT WD O 2 o D ARBZE T
U AR E T ERERFAE R B & e A AT O T ORI & L Tt fik
B X D ZERIEEREE LT~ Rk NEZ, AT A THDH A
VAT VT b RO REENIC L0 FAM L 72, FFORMICIZIEMERSE O &
REREOYBO R L AW AR OB Dl XY, St
IZ KD T ANADRIEAD N F % K — FIZ FEAM R 70 ) ) iF 98 & o o
HTETH D,

2%, JISRI751-4 [ 7 74 & T I v 7 A ARG E TG il A
ko 22 K5 AL PERERBR T E-F 6 8 /N TF v R —F H WAL AT
VT e ROBREMEGE ] 3R AROFMETH Y, ERIE KK
DFAE TR WD, KRR OME, A4 X, 677
EHWVWTWD EWHIH SR ERkx e i TR > TWD, £/, HARE
T RSB JEM1467 @O 1 m® F v U R_R—fTHENRNa % 5 KBRS
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Hioh & ORI, KRR CIFAM AT 5 /A2 RE I IXIERICA
MOBmONVRRTHY, Y= X0 MiEREPhD Z L TARED
PEREN RISk < RN N H D7, MHEOWEHEL L,

MEIXHANLV LT VT A —H— htV-m (PPM technology f1:)iZ L ¥ 5
B L7-, WEL > TiE 0-50 ppm TERXALFRBEFEMREIC L HIE
179, 0.038m> OT7 7 VAT lr—2—%F ¥ "—L L THHAL
NI ZE SIE R, RV LT NNT A= —%HICAN, RLVLAT VT E
RSN AT T oS 2L ) TR LTF ¥ o N— 2T 7=
RN D—EREFEATDHZ LT, MIMIRE Smym’ BETOREREE
i L 7=,

EHIL, 74 NE—OFEMERIEZRD D, LxF vy b ™10 wt%
25 Y — R & Rk AT L — L WO filifif o % % 0.4 g/m® 2
FENS 22 gim®> BEICEDZ 7 4 V&2 —ZER L CTRKEORRZ %
L7z, 612, AEMToH D RAM 7 4 V2 —BIEDSRIZE M
FENE T2 2B<0ic, BILOMIN e WEEMEDOE T
v I 77 A N—=_"—X— (OEH BSFP300, | mm & ) ZfEH L7
TaANE—%RIEL T, REKIZIIBREFOLDOHEH AL X —
MEHENTWDE9,500°CT 1 BEBAN—F 0 79252 LIk A%
NRA LV E—"BELLE, BEIOBEER THDHET R K569 &
KTENPLEATZ ) —%2FRIEDHETEREZERFFLLE, BRMEE
BL<T257%® ¢l mm O %EAKRF T 5mm [MFETHRITEEZIZ, ik
OB LBV EFYy Y b ™M1I0wt% 27 U —% 22 ¢gm* BEE
TA7 L —17,

A

E

3 ERBR-BF
3.1 HEHKREREREICE HZMRADRLVAAZEE)FTM

OWEND ORIKZ BRE L7-8E (Mov. S1) n5H 5 7L —AWB %
HMHLTERGDLEDL LT, MIKOBHHEFILEBEE L TRDZY
% Fig.5 (27, I ZELIG K E2E 30ecm FRE O#BE T, RIKN T
ETFEOLNRVIAENDERTF N5,

Fig.6 |[I—#BiEO L —F —ic kv, NREZIEEKEERT S
N RATL—LOMEKERE LEERTH S (FBHE X Mov. S2),
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77O T L= — KN m< T o T ELTWER (B
WO PR EBRLE ST L —F — o), 74 V¥ — a2 EiE LT

TR X

R oizgu,

—F T, BFZREINDOMHEORAAZET (Mov. S3) TIZ,
—HRVVIAENTEN T 4 NV F —ZHm TS ICH R S D%
RO (BENSORIKTITZOEIHNTIR N RN -2), BF
FIEZ S OMEHEIL 0.1 pm MHFICE — 27 2ok ES %27~ L 19,
P77 0 DOREDIRREIC O W TIXWIZ)E S YEB S D ATREM 23 R

S h

7’»
—o

3.2FBA T4 IIL A — LB FZBEETM
REEAT 7 4 V2 — 1Tkt 5 285K 0 OB & VKO8 =R o R E G5

% Table 1 TR

o =

o Iﬂqj

DECK LTI, WP ORRICK LT

70-80 % FRE DRI FNERESIN TV, THICH L THEFZESRND DK
T TIE, 0.3-1 pm DEMHITIZEALEBRESINTEHT, 1-5 um T
DHIBORERTH 7225, 5-25 pm DRIKITIFIERERICHRETE T

W7,

KA 7 4 v Z—— T, 0.1 um LA FOR X 1 um L LR+ T
RE T bR B PERE DS B VA,
ERENZERMLRTEY 22D 40 0.0 pm BLFORLFIZOWT
FREDRERBAFICONVTORMBEITES L
TW5, L2rL, A LEAR#HAAI Fig7 ICRTEH2ICEE 2mm 1§
0.5 mm BREOHBHRERANLEMAOL TVWD, KFEIZEIT S

EIE HR TV 22028,

SN ZE 5

ZOMDOY 7 I 7 v ik TIERLFBREZ)

BFEEHETIIZOAREMZ 1 BOAXEM L TEBY, ZOWKHEE

BB CTHRBETH D, 1 um LU EORF TIHEME 220 D 23 XA
BB FBREDAD =X LR N 20 CNETRERARDBSDHITEH
P B, 525 pum OERFEMIFIEREICHRER KD Z L1349 T4
LTCW2hosTz, 03-1um OEFENFZEBL TWDH I LD T 4L F—
PN THEBEIC LV EE L e ot TZEZXLOGNT, 778D
ECDEMOR LR EZLS BT T LOLERDH L, WTNIT L ARE
DREWVWTRIKDIFZEAERETETWD Z &0, 3.1 H O R kB4R Y

T R

WmTETRY,

g =
2 X

HOBRTH 5-25 um ORLFIZ DOV TIiE 8

10
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HIRRERETETWNWDLZ b, BERERKBL TSI EEZILND,
723, 0.3-1.0 pm D E{E 12> T AERO Trak APC 9303-01 O £ K 7]
L TR FE (5% UL T OFHEBRICIE D) OAFMES 7x107 /m® 2
ThHhV, MEWR/ ANVELEOBVWVEEORKEZMELEZLHEATYH
5x10° /m® BETERU EREL bhholzlzd, sHEAfTL T
WaheEEZzOND, OO ) =0T —ANTHEEZEZNDL OMHE
G L CHEEZRATZ, 7402 —0 EHRMT (1.9 0.2)x107 /m’
BED 0.3-1 pm OEHIERAT 7 4 L Z—12X 0 (1.5£0.1)x10" /m?
FEEEIZIRAD U722y, B =R 80% FRE & R P OB L VBRELENKL,
RFOVYTI I ORI LTIEOEVIRENBENEEZZOND,

3.3 V)=V RUFERBMATORKEREMSEEEEM

F9, N EKEERIIES ST, R—=TFT 47X —D
J ANVDOIEE NS OE S H=300mm (Z3F 2 MEF LD O
D 2 X 2 WR IR O K AE M A BN L 72K R & Fig.8 IR T, Ko
T T == (X255 M 10E DR EZAT > TR0 5RO TR ER 2= %2 R
7 ( Fig.8,9 HAEE), D=300mm TIiE, 0.3-1,1-5,5-25 um D £ 55 #k
EHIFIER CEHEEETH Y, 0.3-1 pm DORTEEEIZ D RELL TH
FIEZEL L 2o 2Dy, Fifi Tl L) ICEH AL TEY, D
MREL o THHEMBELTFTIZFETFLTIWW 2N EEZLND, £
»O—J T, 1-5,5-25um OEMEEE T D L HICKE <KL F L, 1-5 um
DWEEIE D = 300 mm TiX (3.5+0.2)x10* /m®> TH 72D M D = 700
mm Tl (5.1£1.3)x10°/m’> £ TR F L, 5-25um O¥E{H TIE D =300
mm T (2.520.1)x10° /m* T»H - 7= DB D = 700 mm T I
(1.94£2.0)x10° /m®> £ TIKF L 7=,

WIZ, D =500 mm (&I T DR E O & S ARFEMEIZ DD T/
TESIEREEERA L WA EERALEGA S T LEFRE
Fig.9 (2777, 0.3-1 pm OHEFHEIZHOWTITFHEER ML TV & &
WL DIREMEITR DN RN OEE L TV 5, NN IETEE
EHLZ2VWESES, -5 um O IL, H = 300 mm {4 ToO
(6.240.9)x10" /m* Z ¥°— 2|2, H =100 mm T (1.840.2)x10’ /m>
FTETFTLTWA, 5-25um OEH b FEKIC H = 300 mm TOD

11
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(3.3£0.6)x10" /m* Z ¥ — 272, H =100 mm T (1.8+0.8)x10° /m’> £
TIRF L7c, INESIEEEZFBI S Y256, 1-5um OEEIX H=
150 mm T® (3.841.0)x10” /m* Z v"— 27 |2, H = 400 mm TIX
(2.3£0.3)x10° /m® 12 F TR F L TV /2, 5-25um DRI & & 12 M 1o
BEMETFLTEY, H=150mm TO (2.121.0)x107 /m* % v — 2 (2,
H=400mm TI/E (7.5+17)x10° /m*> ICE TIEKF L Wiz, —J, H=100,
150 mm (TR WTIE, NMHZESEFERZBEBSEL0ME 0 b TIRE
MWENR-STEY, TRIMICED TMUIICEKWEFELNTZN, 77 )
SOFBHAEZEZ SN D, H=100 mm 7>5 400 mm £ T E D
ARtEHET S L, 1-5um T 60%, 5-25um T 56% DR 1S /N Z2
K[IEEHEOBEIC L 0D LT,

D = 700 mm {7 & 23T b [RAR O W RE & SIKFEEO R E 217
- 72 (Fig.10), 1-5,5-25 um O IZ DWW THREF 33 1 MR K T L
TWeR, MAIRIZIERKTHY, FREELICRE R FRENICEK
DL L TIRWE S CORLFEP A RELS R FITA LA
Mol (L LAKWE & TO 5-25um OHEHEIE D=500mm DA
EHANTHIIZ/NNENo72), 05m/s BREOKK 2 L TH Y IR_IT
i 1| BEETHLIOICH LT, 10 pm OIEIE T o Kok B 1
3mm/s FRELEbNTWVWATED 0 ZURFERTHIEEZOND,
0.5-20 pm F2EE O DK NAFET 2 O E S HRMIL 0.8 B
EEbNTEY P, Fig.8 DOMEEIC &k % 1A ki EICRERE & 4k
ARELEERTHDLILEBZDND, —FH T, /INSWIKTEO PR E
I KREWTLEDEBEHENH D EZXHNLHH, Fig8 2BV T
1.0-5.0 um & 5.0-25 pm O I E O EA b & g L TR D/ S W
1.0-5.0 pm D F R RiT DT/ S (0.3-1.0 pm (22 W TILE
BT L TV D oD BEHI R, 5.0-25 um D& 23 7836 L
T10-5.0 m BEEICARDHEA L, 1.0um XV /NS WIEEAEZZICLY
A= L T1.0-5.0 um BREICR D55 OM G OENEZ 2 LI HEM TIX
e, maEE, W, HERSICLsTREL ZOBRITE LTS
AREMENH D, 2L, EBRPITHEE I TR OB T IZ D0
T, A 50%, = 20CT—F (RMOARBICLLI2WE - IRELEE
MR L) & Lesa, Wi O K EREE %2 10m/s TR 23 B8
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BAXRE N K VT ERIZEERED K& <, B2 100 ¢ m T 400mm 2%
CERHE I, £, BE, BEOXMFEELSETHIE LA EEIT
RonARholzt W IERRESRL TS P, aENL KSR S
60um & % 5 K& 2 RIKO P E L, BHE O TIE <1 m/s, HH
ZITOHA T S mls, MET 556 T <10 m/s EELNTEY,
EEMI TN ZTN 02 m T, I mfBE, 3mBEEL S THDE R 9
K[IRDORBIZ L > TIERELENLT D EBZOND, ZDD, Kif
ZEITHWT HEPA 7 4 VW Z —Z N L7 7 o2 =y FOZEKIY
ANOICEHBET DA MAZ 4EH02BICEE LT H=300mm TO
FE#H%Z L =400 mm T 0.72 m/s, L =650 mm T 0.63m/s &#H< L7=
GaDOWMEBIToT2N, 4BOHE L IZERBKOFRE Lo T,

W LA, RWFZECRE LISk, BAEE S 700 mm D
BREEIC AW TEBERICAL D A OO0 E SFE TH D 300-400 mm
DE SITRWTIE, 5x10° /m® FREETH - 72 5-25 pm O FEIK B FE 23/
RIZe SEHEOTIEIC LY 2x10% /m® BEICE TE TS5 2 & 21
Bk oi,

3ARILTFTILTE FRaFHER

Fig.11 ([Z/N 2 R EFBIC LD RV AT VT v Nl bk &%
RY, RNV AT T E RIZELHEND Y B ThaIIBIb ot S
TN ZERT X v RN—~DOREND DD, TTT7 4 V¥ —5 M5
LEWZ 7 U OEBETTF Y o N—NEHEPELTHALLAT LT E R
D EZFEB 2P L7, T D%, 2.1 @i T Lz /225G %K E |
AUl LZ2s L, 74 ¥ —REICHELEAED R 2kELE B
TARNLAT VT b ROz 5 Lz, JEROERIT 27£3°C, &
£ 45+10% T - 7=,

Ty IO T T VAR TIEIRICEEER k=
8.84x10™* /min TR MIZE D L2y (Fig.10 TO x), /NRIZER
HEE R EEESERGA, A7 ey PUTHERE 2L, B ¢
[min], &4% a, b [mg/m’] & RIGHEEEL ki = 1.81x107 /min K O &k, =
1.41x107 /min @ 2 > Z W= a-exp(-kit) + b -exp(-kp 1) &9 KT
BT 5 Z L Ak (Fig.ll T® o, a=0.478 mg/m’, b = 4.23 mg/m’
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THo72),

WIZ, mPEEELZ XD 72, JefEo meE E %2 22g/m* FEICEHD
TR 7 42— HOTHREORRZ LM L7 (Fig.1ll © A),
ZORER, SO fEEE XM E LR, @F 6L 5 Hm
NHHEFE Lo, BT N EZ—LRILNXNT Ty T 0 T HITo T
fE B, ki =2.35%x107 /min, k= 7.15x10” /min T a =3.19 mg/m’, b = 1.50
mg/m’ g otz, ZIZT, BERBESY VSR EICL ) KO
EERNFRLT W @b TF ¥ oI L5 RNV AT LT B KOS RIT
R O RSHEEERIC L B kG TRDbEN D M, BED
ALY VT AT IR OREREIC L VTS L
WD AREHA L7 4V Z —TIEARY ATV 45%, Brmr—2R
55% O FH Y ORREATIC MR - ARSI ETEBY, 741 ¥ —
HE%Z 0T DRSS KD 0MAERY NS BRI T v N—RIC
ERLT-EE (OMEBRDITIFALAT LT E RTIZEWR, B9 —
T2 AT AN —EOREEZFALTEBY, #FEDORENVWHT AT
HOGERBRDICEEEREH 2D EE2OND)NEZXLND N,
A v~ NI T 7 4 —7 L85 0MARNRY O K 028 Oz 72
E, TVFEMRBRAPLETH D,

wMBIZ, B9 I v 7 77 AN—R= X=X OER LT T 4 V& —
EMWTHARNLVLT VT & Rk %217 > 72 (Fig.1l © V), KIGA)
O EIEI AR 10 % ATV —Z28MALIGAEEREZEN, 20
% BSOS E TR T FICHESEEBNIC ALV AT VT b RRE TR L
72 (3HFME9 T 0.1 mg/m® U FICETHA L), RIGHEEEEIT k=
2.15x107% /min TH YV, BEMDO 7 4V E —DRISHEH & T 15 1%
BEORISHEZERL TR, 74V —HEKOEHYONRIC L
DB PR k- o mE R b BN ER kTt B X BN D,

4 F&&H
ANENDBZEROAZ D RIKOBREZ BR & L TRl 6502 G ik gt %
fEH L7/ N O Z2 052 BRI Lo, FEREBRE CXnoEN»b 0
RIKDBVIAENDERT L, MRIKND 7 4 V2 —IZLVBRESNL TN
IR EMICHERTE, ¥7 bR TOT 4V E =2 X DBE S
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w0 B ORLFE I O R 2 R O FEAM TIE, 0.3-1pum BEOY 7 I
0y O ITIZIERETE 2o 7208, 1-5 um OTRIK T 0 - E, 5-25
um ORIKITIFITZERBICRETEDLZERHALNERR -T2, 06 m A
x1.5m O7 Y —2 X FEUNTHEE LR ORLERBREMEGE O
FEAM T, NRZESIEEE AT 22 LIk, FERFFICAROR
REOE I 2RSS 5-25um ORIKZ AR S 500 mm O HHEETIX
1/50 (2, 700 mm O HHEETIE 172,500 (2 F T, /N 22 K05 &
L7aWgA L L TIRBAIBETH D Z &R LN E R 57288, 0.3-1
um OV T I 7 v O (27 ey L) [ ZEEAERETLZZ LN
k7o iz,

Hfh D Sy fRYEREFEM O 7= DI T v — 2 — AN TORAL LT VT b
R ADGRRBR AT, KUKD RV LT IVT & RSS2 F v 7z
NI ZE SRR IC X VB b oM SN s Z LR I N, 72, BUE
FEHLTWDREM 7 4 V7 — 2 BEMEO7 4 L E =0T 52 LI
L O RBERICHERAM ET 2 2 EBRERINTT-D, 5% EERER
BT AV E— DO EIT D,

ARKWFZE TR LR EEEEA VTV TY, 2 TOoRKEZBRED
KZDIFTIIELS, HLETHLINEFTOMEKIZEML THEHAT S,
TIATN T 7 DOREFELEZDZENEETHDH, [IMCIRE,
e, NOELNMERABRRETHRIIRESEMTLIEELLNL, &
HIZABEN S ORIKDORLAIT S EIHEFGETH > 72 25um LV H K&
VY 120-150pum 128 — 7 2R H, 0D O KX ki O IR O & B FEAMm
MAEBBLETH D, IHIT, RERIEHEOEBIZE DR FHOWA,
NSRRI OWRTE OB 22 &, BRI OB O RHE 72 TIEE 0
FIZEEND VANV ADORBEZFFMT DT A+ THY, 5%
2R, EMFOTIECLVEBMPODEREERIETILERND D,

T, ERETOMAEDSRIRICH T DI 7 e ROKRFE T T
%, EEOBIGICBIT L~ 7 vl H s RO MAEIT > 2 & IT
Krpuy, T, EERICEYLIE B B4 T D T HIZ W T E R
WIIH L TITbR T d X Ic 2o/ LG e LG E L
AL TWARWIGE ORI L L2179 2 & THOMO EFER R %
ITHOMENDH Y, LERMER, 17BN FR & I2 20 CHRIAEM G & i

15



© 00 N O Ot bk~ W N =

W W W MM N N NN NN DN DN DN K o H R H | e |
M 2 O © ® I O O A~ W N H O © 00 9o, Uk W N = O

References

1) World Health Organization: Infection prevention and control of
epidemic- and pandemic-prone acute respiratory infections in health care,
WHO Guidelines (2014) ISBN 978 92 4 150713 4.

2) World Health Organization. Transmission of SARS-CoV-2: Implications
for Infection Prevention Precautions: Scientific Brief. 09 July 2020.

(https://apps.who.int/iris/rest/bitstreams/1286634/retrieve). Accessed 10
May 2021.

3) Siegel, J. D., Rhinehart, E., Jackson, M. and Chiarello, L.: Health Care
Infection Control Practices Advisory Committee: Guideline for Isolation
Precautions: Preventing Transmission of Infectious Agents in Health
Care Settings, Am J Infect Control, 35, S65-S164 (2007)

4) Johnson, G.R., Morawska, L., Ristovski, Z.D., Hargreaves, M.,
Mengersen, K., Chao, C.Y.H., Wan, M.P,, Lic, Y., Xie, X., Katoshevski,
D. and Corbett, S.: Modality of human expired aerosol size distributions,
J. Aerosol Sci., 42, 839-851 (2011). doi:10.1016/j.jaerosci.2011.07.009

5) Lindsley, W.G., Pearce, T.A., Hudnall, J.B., Davis, K.A., Davis, S.M.,
Fisher, M.A., Khakoo, R., Palmer, J.E., Clark, K.E., Celik, I., Coffey,
C.C., Blachere, F.M. and Beezhold, D.H.: Quantity and Size Distribution
of Cough-Generated Aerosol Particles Produced by Influenza Patients
During and After Illness, J. Occupational and Env. Hygiene, 9, 443-449
(2012). doi:10.1080/15459624.2012.684582

6) Xie, X., Li, Y., Chwan, A.T.Y., Ho, P.L. and Seto, W.H.: How far droplets
can move in indoor environments - revisiting the Wells
evaporation-falling curve, Indoor air, 17, 211-225 (2007).
doi:10.1111/j.1600-0668.2007.00469.x

7) Chen, C. and Zhao, B.: Some questions on dispersion of human exhaled
droplets in ventilation room: answers from numerical investigation,
Indoor Air, 20, 95-111 (2010). doi:10.1111/j.1600-0668.2009.00626.x

8) World Health Organization. Modes of Transmission of Virus Causing

16



© 00 N o Ot s~ W N

W W W DN N NN NN DN DN NN H R R O R e |
N = O © ® 3 & O A W N H O © 00 I O Uk W Rk O

COVID-19: Implications for IPC Precaution Recommendations:
Scientific Brief: 27 March 2020.

(https://www.who.int/news-room/commentaries/detail/modes-of-transmissi

on-of-virus-causing-covid-19-implications-for-ipc-precaution-recommen
dations) Accessed 12 July 2021.

9) RIKEN NEWS, & i | THRIREE UL I ICH B9 5, 473, 10-12 (2020),
ISSN 1349-1229.

10) Cho, M., Chung, H., Choi, W. and Yoon, J.: Different inactivation

behaviors of MS-2 phage and Escherichia coli in TiO, photocatalytic
disinfection, App. Environmental Microbiology, 71, 270-275 (2005).
doi:10.1128/AEM.71.1.270-275.2005

11) Yao, Y., Ochiai T., Ishiguro H., Nakano R., and Kubota Y.: Antibacterial
performance of a novel photocatalytic-coated cordierite foam for use in
air cleaners, App. Catalysis B: Env., 106, 592-599 (2011).
doi:10.1016/j.apcatb.2011.06.020

12) Ochiai, T., Masuko, K., Tago, S., Nakano, R., Niitsu, Y., Kobayashi, G.,
Horio, K., Nakata, K., Murakami, T., Hara, M., Nojima, Y., Kurano, M.,
Serizawa, I., Suzuki, T., Ikekita, M., Morito, Y. and Fujishima, A.:
Development of a hybrid environmental purification unit by using of
excimer VUV lamps with TiO; coated titanium mesh filter, Chem. Eng.
J., 218, 327-332 (2013). doi:10.1016/j.cej.2012.12.048

13) Choi, S.Y. and Cho, B.: Extermination of influenza virus HIN1 by a
new visible-light-induced photocatalyst under fluorescent light, Virus
Res., 248, 71-73 (2018). doi:10.1016/j.virusres.2018.02.011

14) Miyauchi M., Sunada K. and Hashimoto K.: Antiviral effect of visible
light-sensitive CuxO/TiO, photocatalyst, Catalysts, 10, 1093_1-19
(2020). doi:10.3390/catal10091093

15) Matsuura, R., Lo, C.W., Wada, S., Somei, J., Ochiai, H., Murakami, T.,
Saito, N., Ogawa, T., Shinjo, A., Benno, Y., Nakagawa, M. Takei, M. and
Aida, Y.: SARS-CoV-2 Disinfection of Air and Surface Contamination
by TiO, Photocatalyst-Mediated Damage to Viral Morphology, RNA, and
Protein, Viruses, 13, 942_1-14 (2021). do0i:10.4265/bi0.26.119

17



© 00 I o Ot s~ W N

W W N D NN DM DN N DN NN R H R R |
H O © 00 N & O bk W N P O O o 3 o U A W bRk O

16) Uema, M., Yonemitsu, K., Momose, Y., Ishii, Y., Tateda, K., Inoue, T.
and Asakura, H.: Effect of Photocatalyst under Visible Light Irradiation
in SARS-CoV-2 Stability on an Abiotic Surface, Biocontrol Science, 26,
119-125 (2021). doi:10.4265/bi0.26.119

17) Sato, A., Yoshida, K. and Fukushi, D.: "RENECAT™"
visible-light-responding photocatalyst to improbe indoor air quality,
Toshiba Rev., 60, 47-49 (2014). (In Japanese)

18) Sato, A., Yoshida, K., Fukushi, D., Rokutanda, T. and Esaki, M.: WO;
visible-light-responding photocatalyst to achieve a comfortable indoor
environment, J. Imaging Soc. Jap., 55, 449-454 (2016). (In Japanese)

19) Bl %5, BcH RE, & HI: MAKX X N a2 h b o2 RI5Y
WME DR AEICE T D HF%E, Rk 30 FEZEGHRT - A T e RS
U oaE B Gm U B 7T R 28R E W, 85-88 (2018).
doi:10.18948/shasetaikai.2018.7.0_85

20) Il Bz =7 v VL b IR - 28R Y, =7 1 Y LAk gE, 36,
65-74(2021) doi: 10.11203/jar.36.65

21) IR BZ: PMys &~ R 7, =7 v Y L%, 28, 287-291(2013)
doi:10.11203/jar.28.287

22) Morawska, L., Johnson, G.R., Ristovski, Z.D., Hargreaves, M.,
Mengersen, K., Corbett, S., Chao, C.Y.H., Liand, Y. and Katoshevskie,
D.: Size distribution and sites of origin of droplets expelled from the
human respiratory tract during expiratory activities, J. Aerosol Sci., 40,
256-269 (2009). doi: 10.1016/j.jaerosci.2008.11.002

23) LI SkBY, i BR, B i, B Hl, dE B, %
RIS F S LT KK O 2B B EAT IZ B 3 2 SLEE RO BT 28, SRR 22
FoZERIR A - MR TR R IR SR g R = U, (2010)
173-176 (A-87). doi: 10.18948/shasekinki.2010.0_173

24) Hongmin, L., Zhiwei, L., Xiaojiang, Y. and Wenfeng, S.: Kinetic
analysis of photocatalytic oxidation of gas-phase formaldehyde over
titanium  dioxide, Chemosphere, 60, 630-635 (2005). doi:
10.1016/j.chemosphere.2005.01.039

18



ﬁ __Produced by M. Akiyosh
AR E IR e v ¥ —

Fig.1
A prototype of the small air purifier with visible light responsible

photocatalyst and also with a 120 mm square silent fan.
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Fig.2

Conceptual diagram of the removal of flying droplets between peoples by a
small air purifier using a visible light responsive photocatalyst. The
number of droplets reaching the person facing each other is reduced by
suction by the fan and capture by the filter. The virus in the droplets
trapped by the filter is gradually inactivated by the photocatalyst.
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Fig.3

The 120 mm square exhaust unit used for the measurement of droplet
permeability through the non-woven fabric filter and the suction nozzle of
the particle counter inserted through the port upstream of the filter. The
upstream side of the duct was placed in the center of the clean booth and the
downstream side was placed outside the clean booth, and an ultrasonic

nebulizer was installed near the upstream side.
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Fig. 4

Layout of the clean booth, ultrasonic nebulizer, small air purifier, and
particle counter used to evaluate the droplet removal performance in the
space. The HEPA filter unit was installed at the left end, and the airflow
was generated to the right. The distance from the left end of the clean booth
is L. The ultrasonic nebulizer was installed at Z = 400 mm, and the small
air purifier is installed at L = 650 mm. The projected distance from the
center of the ultrasonic nebulizer to the tip of the particle counter nozzle is
D, and the height of the nozzle is H. The droplet concentration distribution

in the space was measured by changing D and H.
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Fig. 5

The droplets emitted from the oral cavity that are inhaled by a small air purifier as
visualized by the particle visualization system PV2-II (Kato Koken Co., Ltd.). This

image was obtained by capturing five frames from a movie and overlaying them.
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Fig. 6

Droplets from the hand sprayer are trapped by the non-woven filter on the
underside of the fan, as visualized by the particle visualization system.
Droplets on the underside of the fan can be visualized by uni-axial laser
scanning on the vertical plane, but few droplets penetrate the filter (the
several droplets seen on the left and right sides are those that fell outside

the fan).
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Table 1

Transmittance of droplets from an ultrasonic sprayer through a non-woven
fabric filter in an exhaust duct installed in a clean bench. The arithmetic
mean and standard deviation were obtained by repeating the measurement

10 times for 2 minutes under each condition.

10
11

Particle before the filter after the filter
Condition Size Average Std. Dev. Average Std. Dev. Transmittance
Um (m™) (m™) (m™) (m™)
0.3~1 74x10° 24x10° 2.7x10° 4.9x10° 0.37
with a little air dust 1~5 51x10" 19x10* 1.7x10* 42x10° 0.34
5~25 9.0x10° 54x10° 1.8Xx10° 1.4%10° 0.20
0.3~1 1.2x10* 75x10° 6.7x10° 1.4x10* 0.54
in the clean booth 1~5 14x10° 1.9%10° 1.8x10" 56x10' 0.13
5~25 20x10' 5.9x10' 0 0 0
03~1 41x10° 21x10" 46x10° 50x10° 1.14
with a nebulizer (1st, dual nozzle) 1~5 12x10" 43x10° 3.6x10° 2.1x10° 0.30
5~25 37x10° 17x10° 21x10® 1.8x10>° 58x107°
03~1 28x10° 1.1x10" 25x10° 35x10° 0.87
with a nebulizer (2nd, single nozzle) 1~5 26x10° 3.0x10° 1.0x10° 1.2x10° 0.40
5~25 30x10° 15x10° 1.8x10' 56x10'"  6.0x107°
0.3~1 27x10° 83x10° 2.7x10° 1.1x10’ 0.99
with a nebulizer (3rd, single nozzle) 1~5 20x10° 35x10° 15x10° 1.1x10° 0.76
5~25 11x10° 78x10* 53x10' 12x10' 47x10™
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Fig. 7

An optical micrograph of the nonwoven fabric used in the measurement of
droplet transmission through the filter and evaluation of droplet removal
performance in the clean bench. In this study, only one layer of this

nonwoven fabric was used in the small air purifier.
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Fig. 8

Dependence of droplet concentration on distance from the nebulizer. The
nozzle height of the particle counter was set at £ = 300 mm, and the wind
speed was adjusted to a tailwind of about 0.53 m/s at the same height above
the nebulizer. The arithmetic mean and standard deviation (shown with
error bars) were obtained by repeating 10 measurements for 2 minutes

(same as in Figs. 9 and 10).
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Fig. 9

Dependence of droplet concentration on height A at the distance D = 500
mm from the nebulizer to the nozzle of the particle counter, with and
without the use of a small air purifier located at D = 250 mm. Filled dots
represent the case without the small air purifier, and open dots represent

the case with the small air purifier, respectively.
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Fig. 10

Dependence of droplet concentration on height A at a distance D = 700 mm
from the nebulizer to the nozzle of the particle counter, with and without
the operation of a small air purifier. The measurements were performed
under the same conditions as in Fig. 9, except for the distance to the

particle counter, D.
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Fig. 11

The photocatalyst performance of the small air purifier evaluated by the
decomposition rate of formaldehyde. The density of photocatalyst (WOs) on
the standard nonwoven fabric filter (O) was estimated as 0.4 g/m2, while
the special filter manufactured with 10 wt% WOs slurry (A and V) gives
the density of 22 g/m2. Nonwoven fabric filters (O and A) showed small
decomposition rate at later stage of the reaction. Fitting analyze showed these
results were explained with two reaction Kkinetic constants. On the other hand,
inorganic filter manufactured from ceramic fiber paper (V) showed 15 times larger

and single reaction kinetic constant.
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